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BACKGROUND OF THE INVENTION 
!• Field of the Invention 

The present invention relates to a radar, and more 
particularly, to a radar which emits a transmission wave, such 
as a radio wave or light, to a target, receives a wave reflected 
from the target, and computes a distance between the radar and 
the target from a time difference. 
2. Description of the Related Art 

Fig. 13 is a view for describing operation of a typical 
radar in the related art. On the occasion of detection of a 
distance from the position of a radar to a target; e.g., a vehicle 
such as an automobile, a voltage level is obtained along with 
a conversion characteristic which varies in the form of a 
straight line within a range from L3 to LI and is indicated 
by a line 1 shown in Fig. 13, provided that L3 designates a 
reflection limit distance which can be detected by the radar; 
e.g. , 60 m, and that LI designates a minimum detection distance 
LI; e.g., 0.5m. The voltage obtained at the detectable distance 
L3 is Vmax, and a voltage obtained in accordance with the minimum 
detection distance LI is Vmin. A voltage AVl is a voltage 
corresponding to a delay time pertaining to the operation of 
an electric circuit from the time a transmission wave is emitted 
until a received wave is output. The voltage obtained within 
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the range from Vmin to Vitiax is subjected to analog-to-digital 
conversion (abbreviated as A/D) , thereby detecting a distance . 

Fig. 14 is a view showing a conversion characteristic 
of another radar in the related art. The related art shown 
in Fig. 14 is analogous that shown in Fig. 13. According to 
the related art shown in Fig. 13, a corresponding voltage 
increases with an increase in the distance to the target. 
However, the related art shown in Fig. 14 has a conversion 
characteristic such that a corresponding voltage decreases from 
the maximum voltage Vmax that has been decreased by the voltage 
AVl as the distance to the target becomes greater. 

In any of the related-art techniques shown in Figs. 13 
and 14, the voltage Vmin to Vmax corresponding to the time 
difference is expressed as a linear function of distance over 
a comparatively wide range of distance from the minimum detection 
distance LI to the reflection limit distance L3 . Accordingly, 
there arises a problem of low resolving power within the range 
of distance from the minimum detection distance LI, which is 
most frequently required, to a detection-necessary distance 
L2 (e.g., 10 to 20 m) , which is a required distance; e.g., a 
distance required at the time of controlling of the vehicle's 

brake. In these related-art techniques, the voltage — which is 
obtained in accordance with the time difference and represented 

by the longitudinal axis shown in Figs. 13 and 14 — includes 
the voltage AVl corresponding to a delay period pertaining to 
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the operation of the electric circuit. This also results in 
narrowing of the range of the voltage Vmin to Vmax used for 
detecting a distance, and consequently the resolving power of 
a distance falls further. 

The related-art techniques serving as the background of 
the present invention are described in JP-UM-A-5-28 983 . 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a radar arranged 
so as to be able to improve resolving power of a distance. 

The present invention is directed toward a radar 
including: a transmission section for transmitting a 
transmission wave; a receiving section for receiving, as a 
received wave, a wave reflected from a target; a conversion 
section for converting, into an electric signal level, a time 
difference existing between a time at which the transmission 
wave is transmitted and a time at which the received wave is 
received; and a computation section for computing a distance 
to the target on the basis of the electrical signal level output 
from the conversion section, wherein settings are made such 
that a portion of a conversion characteristic of the conversion 
section having a small time difference becomes larger than a 
portion of the conversion characteristic of the conversion 
section having a large time difference, in terms of a change 
in the electrical signal level corresponding to the time 
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difference . 

According to the present invention, in the radar for 
measuring a distance corresponding to a time difference Wl 
between the time at which the transmission wave is transmitted 
and the time at which the received wave is received, on the 
occasion of conversion of the time difference Wl into the level 
of an electrical signal; e.g., a voltage or an electric current, 
a portion of the conversion characteristic of the conversion 
section involving a small time difference is set so as to become 
larger than a portion of the conversion characteristic of the 
conversion section involving a large time difference in terms 
of a change in the level of an electrical signal corresponding 
to the time difference. For instance, a predetermined first 
detection distance; e.g., a minimum detection distance, is 
designated by LI, and a longer predetermined second detection 
distance; e.g., a detection-necessary distance, is designated 
by L2 . Within a first range S12 in which a time difference 
between LI and L2 is small, rates of changes Rl, Rla in; the 
level of the electrical signal corresponding to a time difference 
Wl are set to large values. Therefore, within the range S12, 
the resolving power of a distance can be increased. Within 
a second range S23 which goes beyond the detection-necessary 
distance L2, is less frequently used, and has a large time 
difference, rates of changes R2, R2a are set to small values. 
As a result, the range in which the level of the electrical 
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signal belonging to the first range S12 canbe used is increased, 
thereby enabling an attempt to enhance resolving power* 

The level of the thus-obtained electrical signal is 
converted into a digital value at uniform intervals through 
use of, e.g., an analog-to-digital converter , thereby computing 
a distance to the target. Thus, there is implemented a radar 
which enhances resolving power of a distance within the first 
range S12 from the minimum detection distance LI, which has 
a high degree of importance and is frequently used, to the 
detection-necessary distance L2 . Therefore, the amount of 
change in the level of the electrical signal corresponding to 
the first range S12 is maximized, to thereby enhance the 
resolving power of a distance. 

The present invention is also characterized in that the 
portion being larger than a predetermined first time difference 
is set such that a change becomes saturated. 

According to the present invention, the conversion 
characteristic may be taken as one which has a tendency toward 
setting a distance longer than the detection-necessary distance 
L2, which corresponds to a portion larger than the predetermined 
first time difference, to a saturation level and taking the 
distance as a constant value; e.g., R2=0. However, the 
conversion characteristic may be configured to have a property 
such that the rates of variations Rla, R2a change continually 
and non-linearly . 
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The present invention is also characterized in that the 
first time difference is a time difference corresponding to 
a distance required to render a determination as to whether 
or not a safety device provided on a vehicle is to be activated* 

According to the present invention, when the distance 
to the object to be computed by the computation section has 
become shorter and decreased below a predetermined value within 

the range S12 — which is less than a predetermined distance (e.g., 
10 to 20 m) at which passengers of a vehicle must be protected 
from damage, such as collision, by means of activating a safety 
device — ^the safety device operates. The safety device may be, 
for instance, air bag units disposed in front of a driver's 
seat and a passenger seat for preventing collision of the 
passengers, or seatbelt units for restraining the passengers 
in their seats. In any case, in response to a startup signal, 
the safety device performs operation for protecting passengers , 
thereby preventing infliction of damage on the passengers , which 
would otherwise be caused as a result of collision of a vehicle . 
The first time difference is a time difference at which the 
thus-computed distance corresponds to the distance required 
to render a determination as to whether or not the safety device 
is to be activated. The first time difference is set to a time 
difference corresponding to the predetermined distance so that 
a time difference can be obtained with high accuracy within 
the foregoing range. Consequently, the passengers of the 
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vehicle are reliably protected by the safety device. 

The present invention is further characterized in that 
the conversion section converts, into an electrical signal level, 
a time difference determined by subtracting a lag time of an 
electrical circuit including at least one of the transmission 
section and the receiving section from a time difference between 
a transmission time at which a transmission wave is transmitted 
and a receiving time at which a received wave is received. 

According to the present invention, a delay time AWl 
pertaining to operation of an electrical circuit of either the 
transmission section or the receiving section or electrical 
circuits of both section is subtracted from the time difference 
Wl between the time at which the transmission wave is transmitted 
and the time at which the received wave is received, thereby 
determining a value W2 . The level of the electrical signal 
corresponding to the thus-obtained value W2; that is, a voltage 
or an electrical current, is obtained. There is maximized a 
value — ^at which the level of the electrical signal corresponding 
to the time difference can change within the first range S12 
from the minimum detection distance LI to the detection-needed 
distance L2 — ^thereby enhancing resolving power of a distance. 
Aconversion characteristic for converting the value W2 obtained 
by subtraction into the level of the electrical signal may be 
such that the rate of a change remains constant over the entire 
range of the level of an electrical signal such as a convertible 
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voltage of a distance computation section; e.g., an 
analog-to-digital converter. Preferably, as mentioned 
previously, the rates of changes Rl, Rla are set to have values 
within the fist range S12 from the minimum detection range LI 
to the detection-necessary distance L2 . Within the second range 
S23 beyond the detection-necessary distance L2, the rates of 
changes R2, R2a are set to small values, whereby the resolving 
power of a distance can be enhanced to a much greater extent. 

The present invention is also characterized in that the 
conversion section determines the lag time from a wraparound 
component which is received by the receiving section directly 
from the transmission section. 

According to the present invention, the foregoing delay 
time is determined from a wraparound component formed as a result 
of the signal transmitted from the transmission section being 
received directly by the receiving section without being 
reflected from the target. Specifically, the delay time is 
set to a predetermined time which is longer than a period of 
time between the transmission time at which the transmission 
wave is transmitted and the receiving time at which the receiving 
section receives a wraparound component. Thus, an adverse 
effect of the wraparound component is prevented, and the 
resolving power of a distance can be enhanced by increasing 
the magnitude of changes in the level of the electrical signal 
within the first range S12. 
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The present invention is also directed toward a radar 
including: a transmission section for transmitting a 
transmission wave; a receiving section for receiving, as a 
received wave, a wave reflected from a target; a conversion 
section for converting, into an electric signal level, a time 
difference existing between a time at which the transmission 
wave is transmitted and a time at which the received wave is 
received; and a computation section for computing a distance 
to the target on the basis of the electrical signal level output 
from the conversion section, wherein the conversion section 
converts, into an electrical signal level, a time difference 
determined by subtracting a lag time of an electrical circuit 
including at least one of the transmission section and the 
receiving section from the time difference between the 
transmission time at which the transmission wave is transmitted 
and the receiving time at which the received wave is received. 

According to the present invention, the level of the 
electrical signal is converted such that the level is increased 
or decreased with an increase in the time difference Wl existing 
between the transmission time at which th,e transmission wave 
is transmitted and the receiving time at which the received 
wave is received. The thus-converted level of the electrical 
signal is converted into a digital value by the distance 
computation section at respective electrical signal levels of 
uniform intervals, thereby detecting a distance. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
These and other objects and advantages of this invention 

will become more fully apparent from the following detailed 

description taken with the accompanying drawings in which: 
Fig . 1 is a block diagram showing the overall configuration 

of a radar 11 according to an embodiment of the inventions- 
Fig, 2 is a waveform diagram for describing operation 

of the radar 11 shown in Fig. 1; 

Fig . 3 is a view for describing operation of an integration 

circuit 53 included in a pulse generation section 51; 

Fig. 4 is a view showing a conversion characteristic of 

an amplification circuit 58 contained in the pulse generation 

section 51; 

Fig. 5 is a view showing a conversion characteristic of 
the amplification circuit 58 according to another embodiment 
of the invention; 

Fig, 6 is a view for describing an analog-to-digital 
conversion function of a processing circuit 23; 

Fig. 7 is a block diagram of a radar 11a according to 
another embodiment of the invention; 

Fig . 8 is a view for describing operation of an integration 
circuit 53 included in a conversion circuit 48 shown in Fig. 
7; 

Fig. 9 is a view showing a conversion characteristic of 
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the amplification circuit 58 included in the conversion circuit 
48 shown in Fig. 7; 

Fig. 10 is a view showing a conversion characteristic 
of yet another embodiment of the present invention in place 
of the amplification circuit shown in Fig. 7; 

Fig. 11 is a view for describing operation of the 
amplification circuit 58 according to yet another embodiment 
of the present invention; 

Fig. 12 is a view for describing operation of the 
amplification circuit 58 according still another embodiment 
of the present invention; 

Fig. 13 is a view for describing operation of a typical 
related-art radar; and 

Fig. 14 is a view for describing operation of another 
related-art radar . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Fig. 1 is a block diagram showing the overall configuration 
of a radar 11 according to an embodiment of the invention. This 
radar is mounted on a vehicle, such as an automobile, and 
basically includes a transmission section 12, a receiving 
section 13, and a distance detection section 14. The 
transmission section 12 emits a transmission wave 16 forward. 
A wave 17 reflected by a target 15 (e.g., an automobile) is 
received by the receiving section 13, and a line 18 outputs 
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the wave as a received wave. The distance detection section 
14 includes a conversion section 21 and a processing circuit 
23. The conversion section 21 converts a time difference Wl 
between the transmission time at which the transmission wave 
is transmitted and the receiving time at which the received 
wave is received into the level of an electrical signal; e.g., 
a voltage in the embodiment, through use of a predetermined 
conversion characteristic. A signal having a voltage 
corresponding to the time difference Wl; that is, a distance 
between the radar 1 of the present embodiment and the target 
15, is output from a line 22. At predetermined intervals the 
processing circuit 23 , acting as a distance computation section, 
responds to the voltage output from the line 22 and converts 
the given voltage into a digital value, to thus perform an 
analog-to-digital conversion. The time difference Wl; that 
is, a distance corresponding to the voltage, is determined 
through computation . 

Fig. 2 is a waveform diagram for describing operation 
of the radar 11 shown in Fig . 1 . A transmission pulse generation 
circuit 25 of the transmission section 12 repeatedly generates, 
at a given cycle W40, a transmission pulse which enters one 
level; that is, a high level, for a duration from time til to 
time tl4 shown in Fig. 2-1 and enters another level; that is, 
a low level, for the remaining period of time. An oscillation 
circuit 2 6 responds to a transmission pulse and generates an 
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electromagnetic wave of, e.g., 24 GHz, shown in Fig. 2-2 for 
only a period during which the transmission pulse remains high. 
The electromagnetic wave is transmitted to a transmission 
antenna 27, whereby the transmission wave 16 is emitted forward. 
The transmission wave 16 may be an electromagnetic wave, a radio 
wave, or light such as a laser beam. 

The receiving section 13 has a receiving antenna 28, and 
the receiving antenna 28 receives the ref lectedwave 17 resulting 
from the transmission wave 16 having been reflected from the 
target 15. The thus-received reflected wave is amplified by 
an amplification circuit 29. and then delivered to a mixing 
circuit 31. A local oscillation signal output from a local 
oscillation circuit 32 is delivered to the mixing circuit 31 
after having been multiplied by a multiplication circuit 33. 
An intermediate frequency signal having a beat frequency output 
from the mixing circuit 31 is amplified by an intermediate 
frequency circuit 34. Thus, a configuration for a 
superheterodyne receiving scheme is embodied. 

An output from the amplification circuit 34 is led from 
the line 18 as a received wave, as mentioned previously, and 
delivered to the conversion section 21. 

Fig. 2-3 shows the waveform of the received wave led from 
the line 18 when the target 15 is not present in front of the 
antennas 16, 17. When the target 15 is not present, a received 
wave 36 shown in Fig. 2-3 has a comparatively low voltage. The 
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received wave 36 is produced by a high frequency component which 
wraps around from, e.g., the transmission antenna 27, directly 
to the receiving antenna 28. 

When the target 15 is present ahead, the received wave 
led to the line 18 has a waveform of a received wave 37 shown 
in Fig. 2-4. This received wave 37 includes the 
previously-described received wave 36 which is received as a 
result of the transmission wave emitted toward the target 15 
having wrapped around to the receiving antenna 2 8 from time 
til and has a comparatively-low level; and a received wave 38 
which is generated from the reflected wave 17 originating f rpm 
the target 15 and has a comparatively high level. 

The conversion section 21 of the distance detection 
section 14 has two comparators 41, 42 for receiving the received 
wave delivered by way of the line 18. A discrimination level 
serving as a determination threshold of the comparator 41 is 
set to LSll shown in Fig. 2-4, and a discrimination level serving 
as a determination threshold of the comparaitor 42 is set to 
LS12 shown in Fig. 2-4 (where LS1KLS12) . As a result, the 
comparator 41 leads a received pulse signal shown in Fig. 2-5 
to a line 43. The other comparator 42 leads a received pulse 
signal shown in Fig. 2-6 to a line 44 . The received pulse signal 
led to the line 43 by the comparator 41 has a waveform with 
a leading edge, the edge being delayed from time til by only 
a delay time AWl and rising at time tl2. The delay time AWl 
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is a time stemming from a delay in the operation of an electrical 
circuit including the transmission section 12 and the receiving 
section 13 after the transmission pulse 25 has generated a 
transmission pulse at time til shown in Fig. 2-1. The 
comparators 41, 42 act as delay time signal generation circuits 
which generate a signal representing the delay time AWI . 

As shown in Fig. 2-6, the received pulse signal led to 
the line 44 by the comparator 42 has a leading edge which rises 
at time tl3, the time having deviated from time til, which 
corresponds to the distance between the radar 11 of the present 
embodiment and the target 15, by time Wl . the received pulse 
signal led to the lines 43, 44 by the comparators 41, 42 is 
delivered to pulse generation circuits 61, 62 included in a 
pulse generation section 51. A logic circuit 4 6 constituting 
a subtraction circuit of the pulse generation circuit 51 is 
given the pulses, which are delivered by way of lines 54, 55, 
from the pulse generation circuits 61, 62 . The pulse generation 
circuits 61, 62 are further imparted with transmission pulses 
from the transmission pulse generation circuit 25. The pulse 
generation circuit 61 responds to the received pulse signal, 
which is delivered by way of the line 43, from the comparator 
41 and the transmission pulses output from the transmission 
pulse generation circuit 25, thereby producing a pulse 54 having 
the delay time AWl shown in Fig. 2-7 . The other pulse generation 
circuit 62 responds to a received pulse signal, which is 
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delivered by way of the line 44, from the comparator 42 and 
the transmission pulse output from the transmission pulse 
generation circuit 25, thereby producing a pulse 55 having the 
time difference Wl shown in Fig. 2-8. For convenience of 
comprehension, the line of the electrical signal and that of 
the signal waveform are sometimes assigned the same reference 
numeral . 

The logic circuit 4 6 has a subtraction function and 
subtracts the delay time AWl of the pulse 54 from the time 
difference Wl output from the pulse generation circuit 62. 
There is produced a time difference signal 56 which sustains 
the pulse at a high level for only a period of time W2 (=W1-AW1) 
which has been determined by subtraction and is shown in Fig. 
2-9, and the time difference signal 56 is delivered to an 
integration circuit 53 constituting a conversion circuit 48. 
the conversion circuit 48 further includes an amplification 
circuit 58 which receives an integral output from the integration 
circuit 53 by way of a line 57. The integration circuit 53 
imparts the pulse 56, which has been produced by subtraction 
of the pulses 54, 55 and is shown in Fig. 2-9, from the line 
57 to the amplification circuit 58, which has a predetermined 
conversion characteristic, by means of generating a voltage 
which increasesproportionally with lapse of time. Apower supply 
circuit 70 supplies power to the radar 11. 

Fig. 3 is a view for describing the operation of the 
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integration circuit 53 included in the pulse generation section 
51. The integration circuit 53 has a characteristic which is 
directly proportional with lapse of time, generates a voltage 
as shown in Fig. 3, is reset by the leading edge of the transmission 
pulse, and initiates counting operation. 

Fig. 4 is a view showing a conversion characteristic of 
the amplification circuit 58 included in the pulse generation 
section 51. Within a first range S12 of the time difference 
Wl, which corresponds to a predetermined minimum detection 
distance LI and a predetermined detection-necessary distance 
L2, the amplification circuit 58 is set to a large value with 
a given proportional constant determined by a rate of change 
Rl corresponding to the time difference Wl . Within a second 
range S23 of the time difference Wl, which exceeds the 
detection-necessary distance L2, a rate of change R2 is set 
to a small value (R1>R2) , and R2=0 in the present embodiment. 
Thus, within the first range S12, the rate of change Rl increases 
linearly; for instance, such that the rate of change 
proportionally increases with a voltage AVl corresponding to 
the delay time AWl being set to zero. Within the second range 
S23, the level of the electrical signal is maintained at a 
saturated value Vmax. Specifically, aportionof the conversion 
characteristic of the amplification circuit 58 shown in Fig. 
4, the portion being larger than a predetermined first time 
difference; that is, a portion corresponding to the distance 
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longer than the detection-needed distance L2, is set such that 
a variation in the level of the electrical signal, which is 
a voltage, becomes saturated* 

The processing circuit 23 subjects the voltage, which 
corresponds to a distance determined through computation, to 
a predetermined voltage discrimination level corresponding to 
a predetermined distance which is equal to or less than the 
distance L2 within the first range S12. When the distance 
determined through computation is equal to or less than the 
voltage discrimination level, a startup signal is delivered 
to a protective device 87, thereby activating the protective 
device 87. The predetermined first time difference is set to 
a time difference corresponding to a distance required to render 
a determination as to whether or not a safety device mounted 
on a vehicle equipped with the radar 11 is to be activated. 
The voltage discrimination level VO is a predetermined value 
which is equal to or less than the voltage Vmax corresponding 
to the distance L2 . The protective device 87 may be, e.g., 
airbag units or seat belt units, and protects passengers by 
preventing infliction of damage to the passengers, which would 
otherwise be caused as a result of collision of the vehicle. 

Fig. 5 is a view showing the conversion characteristic 
of the amplification circuit 58 according to another embodiment 
of the present invention. In this embodiment, the respective 
rates of changes Rla, R2a are set so as to become continuously 
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smooth in accordance with the time difference Wl from the first 
range S12 to the second range S23 {Rla>R2a) . 

The amplification circuit 58 having the conversion 
characteristic shown in Fig. 4 or that shown in Fig. 5 is utilized 
over the entire range of a voltage from 0 to the value Vmax 
corresponding to the time difference Wl . Particularly, within 
the first range S12, the rates of changes Rl, Rla are set to 
values which are larger than the rates of changes R2, R2a within 
the second range S23, thereby enhancing the resolving power 
of a distance within the first range S12 . Thus, highly accurate 
measurement of a distance becomes possible. 

Fig. 6 is a view for describing an analog- to-digital 
conversion function of the processing circuit 23. In 
correspondence to the voltage output from the amplification 
circuit 58 by way of the line 22, the digital value has resolving 
power for producing an output at uniform intervals of an input 
voltage. Specifically, the processing circuit 23 is given an 
output from the amplification circuit 58 by way of the line 
22 and has an analog-to-digital conversion function for 
converting the voltage, which is delivered by way of the line 
22, into a binary digital signal at uniform intervals over the 
range from 0 voltage to the voltage Vmax. Thus, high resolving 
power for detecting a distance can be attained within the first 
range S12. 

Fig. 7 is a block diagram of a radar 11a according to 
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another embodiment of the present invention. This embodiment 
is analogous to that shown in Figs . 1 through 6, and corresponding 
features are assigned the same reference numerals. It is 
noteworthy that the comparator 41, the pulse generation circuit 
61 in the pulse generation section 51, and the logic circuit 
4 6 constituting the subtraction circuit are omitted from this 
embodiment. The pulse generation section 51 is constituted 
of one pulse generation circuit 62. Therefore, in the 
embodiment shown in Fig. 7, the voltage AVl shown in association 
with Fig. 3-1 is included in the signal led from the line 22 
of the pulse generation section 51. 

Fig. 8 is a view for describing operation of the integration 
circuit 53 included in the conversion circuit 48 shown in Fig. 
7. In the embodiment shown in Fig. 1, the pulse 55 given to 
the integration circuit 53 includes the previously-described 
voltage AVl. Therefore, the voltage Vmin corresponding to the 
minimum detection distance LI includes the voltage Avl . Within 
the range of the voltage Vmin to Vmax, an integral voltage 
corresponding to the time difference Wl; that is, the minimum 
detection distance LI to the distance L3, is obtained. 

Fig. 9 is a view showing the conversion characteristic 
of the amplification circuit ^58 included in the conversion 
circuit 48 shown in Fig. 7. The pulse led to the line 22 of 
the pulse generation section 51 has the delay time AWl, and 
an integral output including the voltage AVl is imparted from 
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the integration circuit 53 to the amplification circuit 58. 

Fig. 10 is a view showing a conversion characteristic 
of yet another embodiment of the present invention in place 
of the amplification circuit 58 shown in Fig . 7 . The conversion 
characteristic shown in Fig. 10 is analogous to that shown in 
Fig. 5. However, particularly in the embodiment shown in Fig. 
10, the pulse generation section 51 has the time difference 

AWl, and an integral output including the voltage AVl is 
correspondingly imparted from the integration circuit 53 to 
the amplification circuit 58 by way of the line 57. In other 
respects, the embodiment shown in Fig. 10 is analogous to the 
embodiments shown in Figs. 7 and 8 in terms of configuration 
and operation. 

Fig. 11 is a view for describing operation of the 
amplification circuit 58 according to still another embodiment 
of the invention. The embodiment shown in Fig. 11 is analogous 
to that described in connection with Figs. 7 and 8. However, 
a noteworthy difference is that, in the present embodiment, 
the amplification circuit 58 has an amplifying characteristic 
which decreases with lapse of time. The amplification circuit 
58 has a great rate of change Rib within the first range S12 
in the same manner as in the previous embodiment and a small 
rate of change R2b within the second range S23. 

Fig. 12 is a view for describing operation of the 
amplification circuit 58 according to yet another embodiment 



21 



of the present invention. The present embodiment is analogous 
to that described in connection with Fig. 10. However, a 
noteworthy difference is that, in the present embodiment, the 
amplification circuit 58 has an amplified output which decreases 
with lapse of time. The amplifying circuit 58 has a great rate 
of change Rlc within the first range S12 and a small rate of 
change R2c within the second range S23. In other respects, 
the embodiment shown in Fig. 12 is analogous to that shown in 
Fig. 9 in terms of operation and configuration. 

According to the present invention, a portion of a 
conversion characteristic of a conversion section having a small 
time difference becomes larger than a portion of the conversion 
characteristic of the conversion section having a large time 
difference, in terms of a change in the electrical signal level 
corresponding to the time difference. For instance, in the 
previously-described embodiments, the rates of changes Rl, Rla 
in the level of an electrical signal corresponding to a time 
difference Wl between the transmission time at which a 
transmission wave is transmitted and the receiving time at which 
a received wave is received are set to large values within a 
first range S12 from a first detection distance LI to a second 
detection distance L2 . As a result, a voltage usable range 
within the first range S12 is maximized, thereby enhancing 
resolving power of a distance. A delay time AWl in operation 
of the electrical circuit containing at least one of the 
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transmission section and the receiving section is subtracted 
from the time difference Wl, thereby determining a value W2 . 
The value is then converted into the level of the electrical 
signal, thereby enhancing the resolving power of a distance. 
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REFLECTION UNIT DISTANCE (DETECTABLE DISTANCE) L3 
AVI CIRCUIT DELAY 

FIG. 11 

MINIMUM DETECTION DISTANCE LI 
DETECTION-NECESSARY DISTANCE L2 

REFLECTION UNIT DISTANCE (DETECTABLE DISTANCE) L3 
AVI CIRCUIT DELAY 

FIG. 12 

MINIMUM DETECTION DISTANCE LI 
DETECTION-NECESSARY DISTANCE L2 

REFLECTION UNIT DISTANCE (DETECTABLE DISTANCE) L3 
AVl CIRCUIT DELAY 
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FIG. 13 

MINIMUM DETECTION DISTANCE LI 
DETECTION-NECESSARY DISTANCE L2 

REFLECTION UNIT DISTANCE (DETECTABLE DISTANCE) L3 
AVI CIRCUIT DELAY 



FIG. 14 

MINIMUM DETECTION DISTANCE LI 
DETECTION-NECESSARY DISTANCE L2 

REFLECTION UNIT DISTANCE (DETECTABLE DISTANCE) L3 
AVI CIRCUIT DELAY 



